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CLAIMS 



[Claim(s)] 

[Claim 1] The layer system of the semiconductor material which has arranged the luminous layer 
between an up reflecting mirror layer system and a lower reflecting mirror layer system is formed on a 
substrate. Above said up reflecting mirror layer system In the field luminescence semiconductor laser 
component from which the up electrode with which the plane view configuration carried out the annulus 
ring configuration is formed, and the inside of said up electrode has become opening Said opening is the 
field luminescence semiconductor laser component characterized by covering a front face and forming 
the transparent layer to the oscillation wavelength of an oscillation laser beam a part. 
[Claim 2] The field luminescence semiconductor laser component of claim 1 by which the plane view 
configuration of the outgoing radiation aperture of an oscillation laser beam is changed, and the 
oscillation transverse mode of a laser beam is controlled by changing the plane view configuration of 
said transparent layer. 

[Claim 3] The formation location of said transparent layer which a current impregnation path is formed 
near said luminous layer, and is formed in said opening is the field luminescence semiconductor laser 
component of claims 1 or 2 contained in the plane view configuration of said current impregnation path. 
[Claim 4] One field luminescence semiconductor laser component of claims 1-3 to which said 
transparent layer changes from the dielectric film of at least one layer. 

[Claim 5] The field luminescence semiconductor laser component of claim 4 said whose dielectric film is 
SiNx, SiOx, AlOx, TiOx, or MgO and MgF. 

[Claim 6] One field luminescence semiconductor laser component of claims 1-5 from which the 

thickness of said trahsp^nt layer is the thickness equivalent to (2i+1) 7 4ni:ime of the oscillation 
wavelength of an oscillation laser beam (however, n expresses the refractive index of a transparent layer 
and i expresses an integer). 

[Claim 7] One field luminescence semiconductor laser component of claims 1-5 by which the thickness 
of said transparent layer is the thickness equivalent to the 2i/4n time (however, n expresses the 
refractive index of a transparent layer and i expresses the natural number) of the oscillation wavelength 
of an oscillation laser beam, and the metal membrane is formed on said transparent layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the field luminescence semiconductor laser component 
in which transverse-mode control of the laser beam to oscillate is possible in more detail about a field 
luminescence semiconductor laser component. 
[0002] 

[Description of the Prior Art] Although research which aims at implementation of optical data . 
telecommunication system construction of construction of a mass optical-communication network or an 
optical interconnection, optical computing, etc. is advanced recently, the field luminescence 
semiconductor laser component manufactured using a GaAs substrate as those light sources attracts 
attention. 

[0003] One example A of the fundamental layer system of such a field luminescence laser component is 
shown in drawing 1 1 . With this component A, the lower reflecting mirror layer system 2 from which a 
presentation differs and which carries out the laminating of the thin layer of AIGaAs of n mold by turns, 
for example, and changes is formed on the substrate 1 which consists, for example of the n mold GaAs. 
And on this lower reflecting mirror layer system 2, the laminating of lower cladding layer 3a which 
consists of AIGaAs of i mold, the luminous layer 4 which consists of the quantum well structure formed 
by GaAs/AIGaAs, and the up cladding layer which consists of AIGaAs of i mold 3b is carried out one by 
one. Furthermore, after the up reflecting mirror layer system 5 from which a presentation differs and 
which carries out the laminating of the thin layer of AIGaAs of p mold by turns, for example, and changes 
is formed on this up cladding layer 3b, the GaAs layer 6 of p mold is formed in the front face of the 
maximum upper layer of this up reflecting mirror layer system 5, and the whole layer system is 
constituted. And even if there are few above-mentioned layer systems, etching clearance of the part 
until it reaches the top face of the lower reflecting mirror layer system 2 is carried out, and the column- 
like layer system is formed in the center section. 

[0004] Up electrode 7a of the annulus ring configuration which consists of AuZn near the periphery 
section of the top face of the GaAs layer 6 in the layer system of the shape of a column located in the 
center is formed, and lower electrode 7b which consists of AuGeNi/Au is formed in the rear face of a 
substrate 1. The periphery section located in the outside of up electrode 7a among the whole front face 
among the side face of the pillar-shaped section and the front face of the GaAs layer 6 and for example, 
by being covered with the dielectric film 8 which consists of SiNx a part of GaAs layer 6 — pad 7c for 
electrode drawers which the part inside surface 6a, i.e., up electrode 7a, is circular opening. 6C which 
functions as an outgoing radiation aperture of a laser beam, and covers the front face of up electrode 7a 
and a dielectric film 8 further, for example, consists of Ti/Pt/Au is formed. 

[0005] Moreover, in this laser component A, layer 3c located in the location nearest to the lowest layer 
4. of the up reflecting mipror-layer system^, .-i.e., a luminous layer r is formed by r AIAs^f p-mold 4 ,And : , j : i 
among this AlAs layer 3c, the plane view configuration is carrying out the annulus ring configuration, the 
outside periphery part has become 3d of insulating regions which make a subject aluminum 203 formed 
by oxidizing only the AlAs layer concerned selectively, and the current constriction structure over a 
luminous layer 4 is formed of that. 

[0006] In this laser component A, by operating up electrode 7a and lower electrode 7b, the laser 
oscillation in a luminous layer 4 happens, and that laser beam passes the GaAs layer 6, and oscillates it 
to the vertical upper part of a substrate 1 like an arrow head from that surface partial 6a (outgoing 
radiation aperture of a laser beam). 
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[0007] 

[Problem(s) to be Solved by the Invention] By the way, in order to incorporate a field luminescence 
semiconductor laser component as the light source of a lightwave transmission system; it is required to 
control the oscillation transverse mode of the laser beam oscillated from the laser component 
concerned. For example, the case of the lightwave transmission system between boards which the laser 
component stabilized and oscillated by the high order transverse mode was needed as the light source 
in the case of the data link using a multimode optical fiber, and applied space propagation, and in the 
case of the high-speed lightwave transmission system using single-mode optical fiber, the laser 
component which carries out a basic transverse-mode oscillation is needed as the light source. 
[0008] Conventionally, the oscillation transverse mode of the field luminescence semiconductor laser 
component of the above-mentioned structure is controlled by size of the current constriction structure 
shown by drawing 1 1 . It is controlling by size of current impregnation path 3e from which the plane view 
configuration located in a core is a round shape by specifically changing the width of face of the annulus 
ring of 3d of insulating regions which carried out the annulus ring configuration. For example, in the case 
of the laser component oscillated by the basic transverse mode, to make the above-mentioned diameter 
of current impregnation path 3e into 5-micrometer or less extent is needed. 

[0009] However, if it is made a small value which described above the diameter of current impregnation 
path 3e, since the resistance as a laser component will become high after all, the inconvenience that the 
operating voltage becomes high arises. Moreover, controlling the size of the diameter of current 
impregnation path 3e by mum order to accuracy means controlling the width of face of 3d of insulating 
regions, i.e., the oxidation width of face in AlAs layer 3c, to accuracy. However, it is quite difficult to 
control this oxidation width of face by mum order. Therefore, dispersion arises in the property of the 
manufactured laser component, and a problem arises in respect of repeatability. 
[0010] In addition, if the diameter of a current impregnation path is enlarged in the case of the laser 
component oscillated by the multimode, in order that the oscillation transverse mode may switch at the 
time of current impregnation, a noise will occur, and the problem that an optical transmission property 
deteriorates will also be produced. This invention is equipped with the new oscillation transverse-mode 
controlling mechanism which can solve the above-mentioned problem in the conventional field 
luminescence semiconductor laser component which is controlling the oscillation transverse mode by 
size of current impregnation path 3e, and also aims manufacture at offer of an easy field luminescence 
semiconductor laser component compared with the former: 

: tqoii] . \ ; ...... , ....„;. . . - ■ - • 

[Means for Solving the Problem] In order to attain the above-mentioned object, it sets to this invention. 
The layer system of the semiconductor material which has arranged the luminous layer between an up 
reflecting mirror layer system and a lower reflecting mirror layer system is formed on a substrate. Above 
said up reflecting mirror layer system In the field luminescence semiconductor laser component from 
which the up electrode with which the plane view configuration carried out the annulus ring configuration 
is formed, and the inside of said up electrode has become opening A front face is covered in part and 
the field luminescence semiconductor laser component characterized by the thing of said opening for 
which the transparent layer is formed to the oscillation laser beam is offered. 

[0012] Said transparent layer consists of the dielectric -film, of : at least one layer preferably. Again The 
field luminescence semiconductor laser component by which the formation location of said transparent 
layer which a current impregnation path is formed near said luminous layer, and is formed in said opening 
is included in the plane view configuration of said current impregnation path, The thickness of said 
transparent layer Moreover, (2i+1) / 4n time of the oscillation wavelength of a laser beam The field 
luminescence semiconductor laser component which has thickness equivalent to (however, n expresses 
the refractive index of a transparent layer and i expresses an integer), The field luminescence 
semiconductor laser component by which the metal membrane is formed further is offered on the 
transparent layer the thickness of whose is the 2i/4n time (however, n expresses the refractive index of 
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a transparent layer and i expresses the natural number) of the oscillation wavelength of a laser beam. 
[0013] 

[Embodiment of the Invention] In the up reflecting mirror layer system in which, as for the field 
luminescence semiconductor laser component of this invention, opening is formed It is based on the 
technical thought that what the reflection factor of a part [ a part ] to make it starting laser oscillation 
is reduced for (that is, a multiple echo is carried out) performs oscillation transverse-mode control. To 
eye others A means to prepare a transparent layer (henceforth an only transparent layer) to the 
oscillation wavelength of the laser beam oscillated on a front face in part. of the above-mentioned 
opening which functions as an outgoing radiation aperture of a laser beam is provided. 
[0014] Here, although various kinds of ingredients by relation with the oscillation wavelength of a laser 
beam will be consisted of as the above-mentioned transparent layer, the dielectric film which consists of 
the dielectric which makes SiNx, SiOx, AlOx, TiOx, and MgO and MgF the example of representation can 
be raised as a suitable example. Moreover, ITO (indium-stannic-acid ghost) can also be used as an 
ingredient of a transparent layer. When a transparent layer is formed by ITO, this transparent layer can 
also be operated as an electrode. In addition, in the case of this dielectric film, it may be one layer and 
may have a laminated structure more than two-layer. 

[0015] The case where a transparent layer is a dielectric film is hereafter made into an example, it ** on 
a drawing, and the field luminescence semiconductor laser component of this invention is explained. 
Drawing 1 shows 1 example B1 of the laser component of this invention, and drawing 2 shows another 
example B-2. In the case of these components B1 and B-2, all of the layer system are the same as that 
of the component A shown by drawing 1 1 . However, it differs from the case where the plane view 
configuration of the outgoing radiation aperture of a laser beam is drawing 11 , by forming the dielectric 
film also in the front face of opening 6C which was explained with Component A and which functions as 
outgoing radiation aperture 6a of a laser beam. 

[0016] The component B1 has the structure where outgoing radiation aperture 6A with a more new 
minor diameter with a circular plane view configuration was formed, by forming dielectric film 8A to 
which the plane view configuration is making the annulus ring configuration opening located inside up 
electrode 7a. And component B-2 is the thing of the structure where new outgoing radiation aperture 
6B to which the plane view configuration is carrying out the annulus ring configuration was formed,,by 
forming dielectric film 8B with a circular plane view configuration in the core of the GaAs layer 6 
expressed from opening 6C: 
= [001 7] Here, when the oscillation wavelength of the laser beam by the component B1 (B-2) is lambda, as 
for the thickness of the above-mentioned dielectric film 8A (8B), it is desirable that it is the thickness 
approximated to the lambdax(2i+1)/4n time value. In addition, in the above-mentioned formula, n 
expresses the refractive index of the dielectric which constitutes dielectric film 8A (8B), and i expresses 
integers, such as 0, 1, 2, and .... 

[0018] If it is such a plane view configuration and dielectric film 8A (8B) of such thickness is formed in 
the maximum top face, the effectual reflection factor of the up reflecting mirror layer system located 
directly under this dielectric film 8A (8B) will fall. And as a result, laser oscillation will happen only 
directly under dielectric film 8A (8B), and the oscillation transverse mode will be controlled. 
[0019] The plane view configuration of -this dielectric film- -is- not limited, to the type illustrated, above, and 
can be made into a proper configuration. In addition, if a metal membrane like Au, Ti, and Cr is prepared 
on these thickness Iambdax2i/4n dielectric films, since the above-mentioned effectiveness of reflection 
factor lowering will improve and oscillation transverse-mode control of a laser beam will be 
demonstrated more by validity, it is suitable. 

[0020] Thus, since the dielectric film (transparent layer) formed in opening 6C demonstrates the 
operation effectiveness which was described above, when it is projected caudad, it is desirable [ a 
dielectric film / the formation location ] to be contained in the plane view configuration of current 
impregnation path 3e which regulates the laser oscillation in a luminous layer 4. It is because the 
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effectual reflection factor of the up reflecting mirror layer system located directly under a dielectric film 
is made to fall certainly, it has it to the laser beam oscillated via current impregnation path 3e and the 
soundness about control of the oscillation transverse mode improves. 
[0021] 

[Example] (1) The laser component shown in the structural drawing 1 of a laser component was 
manufactured as follows. The oscillation wavelength of this laser component is designed so that it may 
be set to 850nm. the n mold GaAs substrate 1 top — MOCVD — the lower reflecting mirror layer 
system 2 which carries out the laminating of the thin layer with a thickness of 40nm of n mold 
aluminumO.2GaO.8As and n mold aluminum0.9Ga0.1 As with a thickness of 50nm by turns by law, making a 
presentation inclined layer with a thickness of 20nm placed between hetero interfaces, and consists of 
the multilayer of 30.5 pairs was formed. Subsequently, lower cladding layer 3a which consists of non- 
dope aluminumO.3GaO.7As on this (thickness of 97nm), the luminous layer 4 of the quantum well 
structure which consisted of a GaAs quantum well (thickness of 7nm of each class) of three layers, and 
an aluminumO.2GaO.8As barrier layer (thickness of 8nm of each class) of four layers — non, after 
carrying out the laminating of the up cladding layer 3b (thickness of 97nm) which consists of dope 
aluminumO.3GaO.7As one by one Furthermore, the up reflecting mirror layer system 5 which carries out 
the laminating of the thin film with a thickness of 40nm of p mold aluminumO.2GaO.8As and p mold 
aluminumO.8GaO.2As with a thickness of 50nm by turns, making a presentation inclined layer with a 
thickness of 20nm placed between hetero interfaces, and consists of the multilayer of 25 pairs on it was 
formed. 

[0022] And the laminating of the p mold GaAs layer 6 was carried out on the p mold 
aluminumO.2GaO.8As layer which is the maximum upper layer in this up reflecting mirror layer system 5. 
In addition, lowest layer 3c of the above-mentioned up reflecting mirror layer system consisted of p 
molds AlAs with a thickness of 50nm. Next, after forming SiNx film 8a by the plasma-CVD method on 
the front face of the p mold GaAs layer 6 in these layer systems, the circular resist mask 9 with a 
diameter of about 45 micrometers was formed with the photolithography using the usual photoresist on 
it ( drawing 3 ). 

[0023] Subsequently, after carrying out etching clearance of the SiNx film 8a other than the SiNx film 
directly under [ above-mentioned resist mask the 9 ] RIE using CF4, the resist mask 9 was removed 
altogether, and the front face of the GaAs layer 6 whose plane view configuration is an annulus ring 
configuration was made to. express. And SiNx film 8a was used as the mask, etching processing until it 
results in the lower reflecting mirror layer system 2 using the etchant which consists of the mixed liquor 
of a phosphoric acid, a hydrogen peroxide, and water was performed, and the columnar structure was 
formed ( drawing 4 ). 

[0024] And this layer system was heated for about 25 minutes at the temperature of 400 degrees C in 
the steam ambient atmosphere. Only the outside periphery section of p mold AlAs layer 3c oxidized 
selectively in a circle, and current impregnation path 3e whose diameter is about 15 micrometers was 
formed in the core ( drawing 5 ). Subsequently, after RIE removes SiNx film 8a thoroughly, a plasma- 
CVD method covers the whole front face by the SiNx film 8. Then, remove the SiNz film 8 currently 
formed in the top face of the GaAs layer 6 with a diameter of about 35 micrometers in an annulus ring 
. configuration. wjth-anouter diameter [ of 25 micrometers ],,and a bore. of4 5 micrometers,, and the, front 
face of the GaAs layer 6 is made to express. Up electrode 7a which vapor-deposited AuZn and carried 
out the annulus ring configuration was formed there, only the front face of the outside of up electrode 
7a was further covered with the SiNx film 8, and pad 7c for electrode drawers was further formed by 
Ti/Pt/Au on it ( drawing 6 ). 

[0025] In addition, the refractive index of SiNx was 1.75, and since the oscillation wavelength of a 
component was 850nm, the thickness of the SiNx film 8 at this time was set to the value when making it 
i= 0 in above mentioned formula: (2i+1) / 4n, i.e., 121nm. Subsequently, by applying photolithography and 
RIE to the SiNx film located inside up electrode 7a, the circular stoma with a diameter of 6 micrometers 
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was drilled in the core, and other SiNx film 8A left, expressed the front face of the GaAs layer 6, formed 
outgoing radiation aperture 6A f and manufactured the component B1 shown by drawing 1 . This is made 
into an example 1. 

[0026] Moreover, the aperture of a stoma was set to 10 micrometers and outgoing radiation aperture 6A 
was formed. This is made into an example 2. Moreover, by leaving with a diameter of 6 micrometers 
partial 8B to a core, and removing all other parts to the SiNx film located inside up electrode 7a, 
outgoing radiation aperture 6B which carried out the annulus ring configuration with an outer diameter 
[ of 15 micrometers ] and a bore of 6 micrometers was formed, and component B-2 shown by drawing 2 
was manufactured. This is made into an example 3. 

[0027] After it grinds the rear face of a substrate 1 in [ any ] an example component and it sets the 
whole thickness to about 100 micrometers, AuGeNi/Au is vapor-deposited to the polished surface, and 
lower electrode 7b is formed in it. In addition, by making into about 30 minutes oxidation time amount of 
AlAs layer 3c described above for the comparison, oxidation width of face of the AlAs layer 3c 
concerned was enlarged, and the diameter of current impregnation path 3c was set to about 5 
micrometers, and opening 6C with a diameter of 15 micrometers was formed on the GaAs layer 6, and 
the component A shown by drawing 1 1 which sets this to outgoing radiation aperture 6a was 
manufactured. Let this be the example 1 of a comparison. Moreover, in the component of an example 1, 
the component A which removes all the SiNx film located inside up electrode 7a, considers as opening 
with a diameter of 15 micrometers, and sets this to outgoing radiation aperture 6a was manufactured. 
Let this be the example 2 of a comparison. As mentioned above, the current impregnation path in five 
kinds of components and the dimension configuration of an outgoing radiation aperture are collectively 
shown in a table 1. 
[0028] 
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[0029] (2) the characterization 1 of a laser component — the current-voltage characteristic and the 
current-optical output property in an example 1 and the example 1 of a comparison are first shown in 
drawing 7 . A continuous line carries out the current-voltage characteristic among drawing, and the 
broken line is carrying out the table of the current-optical output property, respectively. In addition, also 
in any of an example 1 and the example 1 of a comparison, oscillation mode was the basic transverse 
mode. 

[0030] As contrasted with the example 1 of a comparison, operating voltage is low, for example, the 
operating voltage in 5mA is about 1.8V, and that of an example 1 is quite low compared with 2.4V of the 
example 1 of a comparison so that clearly from drawing 7 : . This is because resistance Jn the part is low. . -, 
compared with the example 1 of a comparison whose diameter of a current impregnation path the 
diameter of the current impregnation path of an example 1 is 15 micrometers, and is 5 micrometers. 
Moreover, in a current-optical output property, although a threshold current is high a little compared 
with the example 1 of a comparison in the case of an example 1, the optical output is increasing, without 
being saturated until a current is set to about 10mA. Since resistance [ / near the current impregnation 
path ] is low, this is considered to be the effectiveness based on generation of heat being controlled. 
[0031] 2) Express the current-voltage characteristic and the current-optical output property in 
examples 2 and 3 and the example 2 of a comparison to drawing 8 below, respectively. A continuous line 
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carries out the current-voltage characteristic among drawing, and the broken line is carrying out the 
table of the current-optical output property, respectively. Between examples 2 and 3 and the example 2 
of a comparison, a difference remarkable in both the above-mentioned properties is not accepted so 
that clearly from drawing 8 . Then, the luminescence near-field pattern was observed about each 
component of examples 2 and 3 and the example 2 of a comparison. The result in the case of 7mA of 
operating currents was shown in drawing 9 , and the result in the case of 15mA of operating currents 
was shown in drawing 10 , respectively. 

[0032] In addition, in drawing 9 and drawing 10 , as for Image a, an example 3 and Image c show the case 
of the example 2 of a comparison, respectively, as for an example 2 and Image b. By the image c in the 
case of the example 2 of a comparison, many luminescence spots were accepted in the periphery 
section, and it has switched by current impregnation so that clearly from drawing 9 and drawing 10 . In 
the case of the image a of an example 2, there are few luminescence spots, and, moreover, they are 
concentrated on the core. And switching behavior was not caused even if it enlarged current 
impregnation. 

[0033] In the case of the image b of an example 3, the number of luminescence spots increased 
compared with the example 2, and, moreover, it is spread as a whole. However, switching behavior was 
not caused even if it enlarged current impregnation also in the example 3. 
[0034] 

[Effect of the Invention] In the above explanation, the laser component of this invention is a field 
luminescence semiconductor laser component in which oscillation transverse-mode control is possible 
so that clearly, for example, it is the laser component which carries out a basic transverse-mode 
oscillation with low operating voltage. Moreover, the noise by mode switching is also reduced with the 
component stabilized and oscillated by the high order transverse mode. Therefore, this field 
luminescence semiconductor laser component is usable as the light source for parallel data 
transmissions, and it has it and it contributes to construction of a high-speed light data 
telecommunication system. 

[0035] Moreover, since control of the oscillation transverse mode in the laser component of this 
invention controls by the plane view configuration of the dielectric film (transparent layer) formed in the 
whole top face rather than is controlled by size of current constriction structure like before, the design 
degree of freedom is high, and manufacture is also easy a degree of freedom, and it also reduces the 
manufacturing cost. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the field luminescence semiconductor laser component of this 
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invention showing one layer system of B1. 

[Drawing 2] It is the sectional view showing the layer system of another example B-2 of the field 
luminescence semiconductor laser component of this invention. 

[Drawing 3] It is the sectional view showing the condition of having formed the SiNx film and a resist 
mask in the layer system formed on the substrate. 

[Drawing 4] It is the sectional view showing the condition of having formed cylinder structure on the 
substrate. 

[Drawing 5] It is the sectional view showing the condition after performing oxidation treatment to the 
cylinder structure of drawing 4 . 

[Drawing 6] It is the sectional view showing the condition of having formed the up electrode and the 
dielectric film in the structure of drawing 5 . 

[Drawing 7] It is the graph which shows the current-voltage characteristic and the current-optical 
output property in an example 1 and the example 1 of a comparison. 

[Drawing 8] It is the graph which shows the current-voltage characteristic and the current-optical 
output property in examples 2 and 3 and the example 2 of a comparison. 

[Drawing 9] It is the luminescence near-field pattern of the examples 2 and 3 in case the operating 
current is 7mA f and the example 2 of a comparison. 

[Drawing 10] It is the luminescence neaMleld pattern of the examples 2 and 3 in case the operating 
current is 1 5mA, and the example 2 of a comparison. 

[Drawing 1 1] It is the sectional view showing one example A of the conventional field luminescence 
semiconductor laser component. 
[Description of Notations] 

1 Substrate 

2 Lower Reflecting Mirror Layer System 
3a Lower cladding layer 

3b Up cladding layer 

3c AlAs layer 

3d Insulating region 

3e Current impregnation path 

4 Luminous Layer 

5 Lower Reflecting Mirror Layer System 

6 GaAs Layer 

6a f 6A, 6B Outgoing radiation aperture of a laser beam 

6C Opening 

7a Up electrode 

7b Lower electrode 

7c The pad for electrode drawers 

8, 8a ? 8A, 8B Dielectric film (it is a transparent layer to the oscillation wave of a laser beam) 
9 Resist Mask 
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